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Dear Sir or Madam: 

Boston Scientific Corporation/EP Technologies, Inc. (EPT) is writing to express general 
support for the proposed guidance document entitled Cardiac Ablation Catheters 
Generic Arrhythmia Indications for Use; Draft Guidance for Industry. As one of the 
market leaders in Cardiac Ablation Catheters, we appreciate the recognition FDA is 
giving Radiofrequency Catheter Ablation as a preferred treatment modality in the 
medical community for numerous cardiac arrhythmias. However, we do have a number 
of comments on the guidance, and are hereby requesting some additional information 
and clarification from the FDA. There are two critical sections of this Guidance, the 
definition of a conventional catheter, and the definitions and examples of tachycardias. 
EPT intends to limit this comment to those two sections. 

Definition of Conventional Catheter 
The requirements for classification as a conventional catheter should be modified for 
clarity to include: (changes are in italic text, with discussion below) 

Based on the review of the medical literature, FDA defines conventional RF cardiac 
ablation catheters as those that have all of the following features: 

1. Create endocardial linear and focal lesions, 

Discussion: Linear and focal lesions have been shown by the literature 
cited in the guidance to be safe and effective for the treatment of 
tachycardias in all chambers of the heart (Draft Guidance, page 3). 
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The addition to this requirement of the italicized terms above 
would clearly indicate this. 

2. Single 4-5 mm ablation tip electrode, 

Discussion: There are several different types of electrodes capable of 
delivering RF energy; for example, coil and tip electrodes. The 
requirement should be clarified to address this. 

3. Temperature sensing capability, 

4. Not irrigatedd, 

Discussion: Cooled catheters have been approved via PMA and have 
been on the market for several years. Literature reports the safe 
and effective use of cooled catheters for the treatment of 
ventricular tachyarrhythmias, as well as other cardiac arrhythmias 
(see bibliography). (Draft Guidance page 4 and reference 16) 
Medical literature has established the creation of larger lesions 
with lower occurrence of impedance rise. 

Additionally, cooled ablation catheters are the only cardiac 
catheters currently approved through the PMA process 
specifically for the treatment of Ventricular Tachycardia. 

5. “Steerable” (i.e., catheter has a manually-deflectable tip), 

6. Placed percutaneously, and 

7. Designed to deliver a maximum of 60W Radiofrequency power to the endocardium 
in any chamber of the heart. 

Discussion: There are currently both 50 and 60 W generators approved 
and in the marketplace. The recommended increase in wattage is 
minimal, and clinical data has not been required for this change in 
the past. Additionally, the literature data for this guidance were 
chosen to demonstrate the safety and effectiveness of using 
conventional RF catheters to create either focal or linear lesions in 
any of the four chambers of the heart (Draft Guidance, page 3). 

Definition of Tachyarrhythmias 
Tachyarrhythmias can be classified in numerous ways, but broadly there are two 
categories corresponding to the location of the arrhythmia within the heart. If the 
initiation of the arrhythmia is in the atria, the upper chambers of the heart, it is classified 
as an atria1 tachycardia; if it occurs in the ventricles, the lower chambers of the heart, it is 
classified as a ventricular tachycardia. Within these two broad categories, there are 
numerous defined arrhythmias which have been reported and well-characterized in the 
medical literature. Additionally, an arrhythmia may be classified according to the type 
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and location of its trigger (i.e. focal or idiopathic or macro-reentrant). EPT requests that 
FDA clarify the citation of these four arrhythmias as illustrative only, and/or expand the 
listing to include a more definitive listing of arrhythmias. For Example: 

* Atria1 Tachycardias can include: 
* atria1 tachycardia occurring due to macro-reentrant circuits, and 
* focal atria1 tachycardia. 

* Supra-ventricular Tachycardia (SVT), 
* Atrioventricular (AV) Reentrant Tachycardias, 
* AV Nodal Reentrant Tachycardia, and 
* Atria1 Tachycardias with Rapid Ventricular Response, 

* Wolfe-Parkinson-White Syndrome (WPW), 
* Inappropriate Sinus Tachycardias, 
* Atria1 Flutter (AF), and 
* Atria1 Fibrillation (A Fib). 

* Ventricular Tachycardias. 

In conclusion, EPT believes that if the FDA adopts the recommendations outlined above, 
the clarity of the resulting final guidance will assure the accurate implementation and 
preparation of appropriate supplements concerning cardiac ablation catheters, and that 
the supplemental approval process will thereby be streamlined and improved. 
Additionally, the dissemination of unbiased and balanced information regarding the use 
of Radiofrequency Ablation as an approved method for the treatment of cardiac 
arrhythmias will be facilitated. EPT appreciates the opportunity to comment on this 
important Proposed Guidance and looks forward to continuing to work with the FDA 
on its successful implementation. 

Sincerely, 
Y-Y 

Andrea L. Ruth, RAC 
Senior Associate, Regulatory Affairs 
Boston Scientific Corporation/EP Technologies, Inc. 
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Abstract 

Background In patients with type I atrial flutter (AFL), conventional RF ablation 

may require up to 50 or more lesions before isthmus block is achieved. In this 

prospective, randomized study, we tested the hypothesis that the Cooled RF 

catheter ablation is safe and facilitates the achievement of bidirectional isthmus 

block with fewer RF applications than with standard ablation for typical AFL. 

Methods and Results Isthmus ablation was performed in 59 patients (40 males, 

64 + 14 years) with type I AFL using Standard RF (n=31) or Cooled RF (n=28) 

ablation catheters, with crossover after 12 unsuccessful RF applications. The 

endpoint was the achievement of bidirectional isthmus block or a total of 24 

unsuccessful RF applications. After the first 6 RF applications, bidirectional 

isthmus block (BIB) was demonstrated in 7 of 31 (23%) Standard RF and 7 of 28 

(25%) Cooled RF patients (P=NS). Following 12 RF applications, BIB had been 

demonstrated in 17 of 31 (55%) Standard RF patients and 22 of 28 (79%) Cooled 

RF patients (~~0.05). After the remaining patients crossed over to the alternate 

RF ablation system and underwent 6 more RF applications, BIB had been 

demonstrated in 23 of 31 (74%) Standard RF and 24 of 28 (86%) Cooled RF 

patients (p=NS). After the final 6 RF applications of the protocol, BIB had been 

demonstrated in 27 of 31 (87%) Standard RF and 25 of 28 (89%) Cooled RF 

patients (p=NS). Isthmus block could not be achieved within 24 RF applications 

in 3 Standard RF and 3 Cooled RF patients. Mean temperatures for Cooled RF 

were lower than for Standard RF (38.5 f 6.98 “C versus 57.2 f 7.42 “C, P< 

.OOOl). Peak temperatures were also lower for Cooled RF compared to 
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Standard RF (45.7 + 22.7 “C versus 63.4 f 9.87 OC, P<.OOOl). Importantly, 

mean power delivered was significantly higher for Cooled RF compared to 

Standard RF (42.3 f 9.48 W versus 34.0 + 14.0 W, Pc.0001). Peak power 

achieved was similar for both Cooled RF and Standard RF. There were no 

serious complications for either RF ablation system. 

Conclusions In patients with type I AFL, ablation with the Cooled RF catheter 

is as safe as and facilitates creation of bidirectional isthmus block more rapidly 

than Standard RF ablation. 
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Condensed Abstract 

This prospective, randomized study of atrial flutter (AFL) patients 

compared Cooled versus Standard RF ablation for safety and efficacy in 

achievement of bidirectional isthmus block (BIB). Fifty-nine patients (40 males, 

64 f 14 years) underwent isthmus ablation using Standard RF (n=31) or Cooled 

RF (n=28) ablation, with crossover after 12 RF applications to endpoints of BIB or 

24 unsuccessful RF applications. After 6 RF applications, BIB achievement was 

similar for both groups. Following 12 RF applications, 17 (55%) Standard RF 

and 22 (79%) Cooled RF patients had BIB (~~0.05). At protocol end, 27 (87%) 

Standard RF and 25 (89%) Cooled RF patients had BIB (p=NS). Mean and peak 

temperatures were lower for Cooled than Standard RF. Mean power was higher 

for Cooled than Standard RF (42.3 +, 9.48 W versus 34.0 f 14.0 W, P<.OOOl ). 

There were no serious complications for either group. Cooled RF ablation is safe 

and facilitates creation of BIB. 
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Introduction 

Catheter ablation has become widely performed as curative treatment of 

typical atrial flutter (AFL) (1-6). Although the achievement of bidirectional isthmus 

conduction block has been demonstrated to result in the lowest recurrence of 

AFL following radiofrequency (RF) ablation (2,7-IO), in some patients, 

bidirectional isthmus block cannot be achieved (9,ll). It has been proposed that 

these cases may result from thick atrial tissue in this region of the heart, which 

may be more than 1 cm in thickness (12). 

Given the ability of saline-cooled catheters to create larger ablative lesions 

compared to conventional RF systems (I 3), we tested the hypothesis that the 

Chilli@ Cooled RF ablation system (Cardiac Pathways Corporation) facilitates 

catheter ablation of AFL as compared with a conventional RF ablation system 

and is safe when used to treat this arrhythmia. 

Methods 

Patient Population 

Fifty-nine consecutive patients from three centers referred for RF ablation 

of type I AFL were included in the study. Patients who had previously undergone 

isthmus ablation were excluded. There were 40 males and 19 females, with a 

mean age 64 + 14 years. Thirty-seven patients were resistant to or intolerant of 

drug therapy for AFL, despite treatment with a mean of 1.35 + 0.63 

5 



antiarrhythmic drugs, including amiodarone in 19 patients. The remaining 22 

patients preferred not to undergo treatment with antiarrhythmic agents. Thirty- 

two patients also had a prior history of atrial fibrillation. Nineteen patients had no 

underlying structural heart disease. The remaining patients had structural heart 

disease: ischemic (n=23), hypertensive (n=9), idiopathic dilated cardiomyopathy 

(n=4), valvular (n=3), and congenital (n=l). The mean ejection fraction was 49 f 

15 %. The New York Heart Association functional class was 1.6 f 0.7. Informed 

consent was obtained from all patients. The study protocol was approved by the 

respective Institutional Review Boards of each of the participating centers. 

Electrophysiologic Testing 

All patients gave written informed consent prior to electrophysiologic 

testing. Four multipolar electrode catheters (2-mm interelectrode spacing) were 

inserted percutaneously into the right and left femoral veins. Three of the 

catheters were advanced to the right ventricular apex, His bundle region, and the 

coronary sinus. A 7F deflectable 20-pole catheter (Halo catheter, Cordis 

Webster) was positioned around the tricuspid annulus to record atrial activation 

close to the lateral and posterior tricuspid annulus. 

In patients in sinus rhythm at the onset of the procedure, AFL was induced 

by programmed atrial stimulation with up to 2 extrastimuli. If AFL was not 

induced, atrial burst pacing was performed at progressively shorter cycle lengths 

to 150 ms or atrial refractoriness, whichever was reached first. If the patient was 

in AFL at the start of the electrophysiology test, atrial pacing was performed at 
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progressively shorter cycle lengths between 300 and 150 ms to terminate AFL. 

Once AFL was induced, isthmus dependence was confirmed by demonstration of 

concealed entrainment. 

Radiofrequency A b/a tion and Study Design 

Once the diagnostic study was completed and a decision had been made 

to create isthmus block, the patients were then randomized to either Standard or 

Cooled RF as the initial ablation system. 

For those patients initially randomized to Standard RF, a conventional 4 

mm ablation catheter of the investigator’s choice was used to apply the first 12 

RF lesions. Ablation was performed in temperature control mode for 60 seconds 

with a set point of 70 “C. 

The internally perfused Chilli@ ablation catheter (Cardiac Pathways 

Corporation) was used for the first 12 lesions in those patients initially 

randomized to Cooled RF. Sterile normal saline was infused at 0.6 ml/set 

through a pair of inner lumens in order to cool the catheter tip. The temperature 

of the electrode was monitored with a thermocouple at the catheter tip. The 

target catheter tip temperature was 45 “C. Power was initiated at 20 watts and 

increased gradually to achieve the target temperature. Ablation was performed 

for 60 seconds. 

During each application of RF energy with either Standard or Cooled RF, 

power, temperature and impedance were monitored continuously. RF energy 

delivery was terminated if an audible pop or an impedance rise (defined as a 
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25 ohm rise) were noted, and the catheter was removed for inspection of the tip 

for presence of coagulum or char formation. 

After 6 linear sequential (point-by-point) applications of energy from the 

tricuspid annulus to the inferior vena cava, bidirectional isthmus conduction block 

was assessed using standard techniques (8,14). If bidirectional conduction block 

was not observed, 6 additional applications of energy were given and conduction 

block was again evaluated. If conduction block was not achieved using 12 

applications of energy, then cross over to the alternate RF system occurred. 

Following delivery of 6 more applications, testing for bidirectional isthmus block 

was again performed. If there was still evidence of isthmus conduction, 6 final 

applications of RF energy were given. If conduction block was still not present 

after 24 applications of energy were given, then the study protocol was 

considered to have ended and it was up to the investigator whether to continue 

giving RF applications using either system. 

Where possible, ablation was performed in sinus rhythm in order to allow 

for greater convective catheter cooling. Anticoagulation was not given routinely 

during the procedure. Echocardiograms were obtained at least 60 days prior to 

the procedure and then following the procedure to determine if there was 

evidence for pericardial effusion or pericardial tamponade. 

Follow-up 

In order to compare the long-term efficacy of Cooled versus Standard RF 

ablation, patients were followed prospectively from the time of RF ablation. 

000007 
8 



Follow-up was obtained by outpatient clinic visits or by telephone interview of 

patients, their families or their referring physicians. 

Statistical Analysis 

All data are expressed as mean f SD and were all two-tailed. Statistical 

analyses were performed using Statview version 5.0 for Macintosh (SAS 

Institute, Inc.) software. Comparisons between patients undergoing ablation 

initially using Cooled RF energy and those using Standard RF energy were done 

using the unpaired Student’s t-test. Comparisons between Cooled and Standard 

RF to determine any differences in creation of bidirectional isthmus block after 6 

and 12 RF applications were performed with contingency table analysis. Event- 

free rates for AFL recurrence were determined by Kaplan-Meier cumulative 

survival analysis. The differences between survival curves for Cooled versus 

Standard RF were determined by the Mantel-Cox logrank procedure. Statistical 

significance for all tests was accepted at the P 0.05 level. 

Results 

Comparison of Efficacy of A trial Flutter Ablation 

Of the 59 patients enrolled in the study, 31 patients were randomized to 

Standard RF ablation and 28 patients to Cooled RF ablation initially (Figures 1 

and 2). There were no differences in baseline clinical characteristics, with the 
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exception of ejection fraction, which was lower in those undergoing ablation 

using Cooled RF initially (Table 1). After the first 6 RF applications, bidirectional 

isthmus block was demonstrated in 7 of 31 (23%) Standard RF and 7 of 28 

(25%) Cooled RF patients (P=NS). After 6 more RF applications in the remaining 

patients, bidirectional isthmus block had been demonstrated in 17 of 31 (55%) 

Standard RF and 22 of 28 (79%) Cooled RF patients (p=O.O5). The results of RF 

ablation in patients requiring crossover to the alternate RF ablation system are 

shown in Figures 1 and 2 for Standard RF and Cooled RF patients, respectively. 

Bidirectional isthmus block could not be achieved with 24 or fewer RF 

applications in 4 Standard RF and 3 Cooled RF patients (P = NS). However, in 

these 7 patients who required additional RF applications beyond the initial 24 RF 

applications allotted by the protocol, bidirectional isthmus block was eventually 

achieved in 3 Standard RF and 2 Cooled RF patients using the ablation system 

of the investigator’s choice. These additional RF applications were successfully 

given using the Cooled RF catheter in all 3 Standard RF patients and 1 Cooled 

RF patient. The other Cooled RF patient eventually developed isthmus block 

using a conventional RF catheter. The single Cooled RF patient in whom 

bidirectional isthmus block could not be demonstrated underwent AV junction 

ablation and permanent pacemaker implantation. 

Comparison of A b/a tion Parameters 

The comparisons between ablation parameters for Cooled RF versus 

Standard RF are shown in Table 2. The mean and peak temperatures were lower 
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for Cooled RF than for Standard RF ablation. Importantly, mean power delivered 

was higher with Cooled RF than Standard RF. Maximum impedance was higher 

for Cooled RF than for Standard RF. In the Cooled RF group, there were 43 

impedance rises that resulted in automatic power shutoff of the ablation catheter, 

4 of which were associated with audible pops. The other 39 impedance rises 

were not associated with audible pops, and none of these impedance rises were 

associated with coagulum formation. In contrast, only 6 impedance rises were 

noted in the Standard RF group. However, 2 of these were associated with 

coagulum formation on the catheter tip electrode. 

Folio w-up 

Event-free rates for AFL recurrences are shown in Figure 3. During a 

mean follow-up period of 12.8 f 3.76 months, there were 2 recurrences of AFL in 

the Cooled RF group and 4 recurrences in the Standard RF group (p = 0.61) 

There were five patients who had atrial fibrillation during the follow-up period, 4 

from the Cooled RF group and 1 from the Standard RF group. 

Safety of Atria/ Flutter Ablation 

There were no cases of pericardial effusion, tamponade or other major 

complications for either Cooled or Standard RF patients. 
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Discussion 

Major findings 

The results of this study demonstrate that catheter ablation of AFL with 

Cooled RF energy can be accomplished with equal safety as compared with 

Standard RF energy and that Cooled RF energy facilitates catheter ablation of 

AFL. Whereas isthmus block was achieved in 55% of patients after 12 RF 

applications using Standard RF energy, isthmus block was achieved in 79% of 

patients after 12 Cooled RF applications. Cooled RF ablation resulted in 

significantly lower mean and peak temperatures and allowed significantly higher 

mean power delivery without formation of coagulum when compared to Standard 

RF ablation. 

Conventional RF ablation of AFL 

Typical AFL is a macroreentrant tachycardia that has been shown to be 

critically dependent on conduction through the isthmus between the tricuspid 

annulus and the inferior vena cava (l-3). 

Catheter ablation of AFL was first reported in 1986 and was performed by 

employing cryosurgery in the region of the coronary sinus ostium (15). 

Subsequently, catheter ablation of AFL using DC shock energy delivered in the 

low posteroseptal right atrium was reported, with a success rate of approximately 

50% (16). Direct current energy has since been abandoned and replaced by RF 
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ablation of the cavotricuspid isthmus has become widely performed as curative 

treatment of typical AFL (1-6). 

Ablation of AFL was initially performed by targetting a focal zone of slow 

conduction (4) and fragmented electrograms (5). Successful ablation was 

determined by AFL termination during RF delivery and acute noninducibility. It 

was later shown that the endpoint of demonstration of bidirectional isthmus 

conduction block during sinus rhythm resulted in the lowest rates (9%-16%) of 

AFL recurrence (2,7,8,17-l 9). 

In most series, the reported acute efficacy for RF catheter ablation of AFL 

exceeds 85% (I-l 0). The mean number of RF applications required to achieve 

bidirectional isthmus block have ranged from two to thirty-two (2,9,11 ,I 9,20), with 

individual requirements of up to 82 lesions (10). Thus, in some patients, 

conventional RF ablation may require many lesions before bidirectional isthmus 

block is achieved. Moreover, in a subset of patients, bidirectional isthmus block 

cannot be achieved using conventional RF catheters (9.11,20). It has been 

proposed that the inability to achieve a complete line of block in some patients 

may reflect both thickened myocardial tissue (12) and the length of the isthmus, 

which commonly measures 2 to 2.5 cm in length, and may reach up to 6 cm in 

some cases (21). Thus, there is a need for employing new techniques or 

technologies that will facilitate the creation of bidirectional isthmus block without 

compromising safety. 
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Alternative RF Ablation of AFL 

It is well known that deeper ablation lesions can be obtained by increasing 

the RF power, since this increases both the volume of resistive heating and the 

depth of passive conductive heating. However, because coagulation necrosis 

at the tissue-electrode interface results in a rise in impedance once temperatures 

reach 100 , the degree to which RF power, and thus lesion size, can be 

increased is limited (22,23). Recently, methods for improved cooling of the 

electrode have been developed to allow delivery of a constant, more stable, and 

higher amount of RF power. These include the use of larger (8 mm) electrodes 

(9,24,25), which receive greater convective cooling by the blood, and saline- 

irrigated electrode tips, in which the electrode is actively cooled (13,26). By 

cooling the electrode-tissue interface, higher RF power can be delivered without 

an impedance rise. This significantly increases the volume of resistive heating, 

which in turn would increase lesion depth (13,26). The use of these catheters 

in humans has resulted in higher success rates for selected arrhythmias, 

including ventricular tachycardia and isthmus-dependent AFL (27-30). 

Comparison with Prior Studies 

The results of this study confirm and extend those of prior investigators. 

The first clinical use of an irrigated-tip cathteter for resistant AFL was described 

by Jais et al in 13 patients, in whom bidirectional isthmus block was not achieved 

after >21 RF applications (11). The use of this catheter (Cordis Webster, 

Medtronic Inc.) resulted in bidirectional isthmus block in 12 of 13 patients, with no 
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adverse events. Subsequently, in a prospective, randomized study, Jais et al (30) 

compared an irrigated-tip catheter (Cordis Webster Thermocool) with a 

conventional-tip catheter for ablation of common AFL in 50 patients. The number 

of RF applications, procedure duration, and x-ray exposure were significantly 

higher with conventional than with the irrigated-tip catheter. In addition, the 

irrigated-tip catheter was as safe as the conventional ablation catheters. 

Consistent with the findings of Jais and colleagues (30), the present study 

demonstrated the positive effects of cooling the electrode-tissue interface, as 

evidenced by the lower mean and peak temperatures and higher mean power 

delivered. These findings translated into earlier achievement of bidirectional 

isthmus block as compared to Standard RF ablation without compromising 

safety. 

Important differences of this study include the fact that our primary 

endpoint was earlier achievement of bidirectional isthmus block than the 

alternate RF catheter system, whereas Jais et al (30) had primary endpoints of 

flutter termination and demonstration of bidirectional isthmus block. Our study 

also employed the internally perfused Cooled RF ablation system as compared 

with the irrigated-tip catheter used by Jais and colleagues. Currently, only the 

Cardiac Pathways Cooled RF system is available for);se in the United States. 

Safety of Cooled RF Ablation 

The excellent safety results achieved in this study are reassuring. Among 

the 59 randomized patients, catheter ablation with Cooled RF either as first line 
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therapy or after crossover was performed in 42 patients. No complications 

occurred in any of these patients. In fact, the only cases of coagulum formation 

occurred in 2 patients during ablation with conventional RF catheters. It is 

important to note that the safety of using a saline irrigated-tip catheter in the 

flutter isthmus has now been demonstrated in at least three studies, including the 

present one (11,30). 

Limitations 

There are two main limitations to this study. First, data concerning 

procedure and fluroscopy times were not obtained in this study. Second, the 

precise location of lesions was not tracked using a 3-D system. 

Clinical lmplica tions 

This study adds further evidence that saline-cooled RF ablation catheters 

are as safe as and are more effective than conventional RF ablation catheters for 

creation of bidirectional isthmus block for typical AFL. This type of ablation may 

be of particular value for those patients with resistant AFL who have a broad 

and/or thick isthmus. 
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Figure Legends 

Figure 1. Results of Standard RF ablation for atrial flutter in achieving 

bidirectional isthmus block. RFs, radiofrequency applications. 

Figure 2. Results of Cooled RF ablation for atrial flutter in achieving 

bidirectional isthmus block. RFs, radiofrequency applications. 

Figure 3. Survival curves comparing event-free rates of atrial flutter 

recurrence for Standard RF and Cooled RF groups. 
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TABLE 1. Clinical Characteristics of Patients 

All Patients Cooled RF Standard RF P-value 

N= 59 28 31 NS 

Males 40 20 20 

Age (years) 63d4 67~15 63~ 11 NS 

EF (%) 49*15 44*17 51 * 12 0.04 

AAD’s Failed .85 ~83 .71 ~85 .98 * .80 NS 

Data are expressed as mean f standard deviation or number of patients. 
AAD, antiarrhythmic drugs. EF, ejection fraction. NS, not significant. 



TABLE 2. Radiofrequency Ablation Parameters 

Standard RF Cooled RF P-value 

Mean Temperature (“C) 

Peak Temperature (“C) 

Mean Power (W) 

Peak Power (W) 

Maximum Impedance (9 

Mean # of lesions 

Total # of lesions* 

Impedance rises 

Audible pop 

-with impedance rise 

-without impedance rise 

Coagulum 

57.2 -c 7.42 

63.4 fi 9.87 

34.0 f 14.0 

42.7 -c 10.5 

108 A 28.1 

13.7 -c 7.19 

408 

6 

0 

0 

0 

2 

38.5 f 6.98 

45.7 +, 22.7 

42.3 + 9.48 

43.1 f 9.06 

135 2 67.4 

14.7-c 10.9 

411 

43 

8 

4 

4 

0 

c .OOOl 

<.OOOl 

c.ooo1 

NS 

<.OOOl 

NS 

NS 

<.OOOl 

Data are expressed as mean 4 standard deviation or number of patients. 
*Including crossover and additional out-of-protocol lesions. 
NS, not significant. 
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Temperature Monitoring During Radiofrequency 
Catheter Ablation Procedures Using 

Closed Loop Control 
Hugh Calkins, MD; Eric Prystowsky, MD; Mark Carlson, MD; Lawrence S. Klein, MD; 

J. Philip Saul, MD; Paul Gillett& MD; the Atakr Multicenter Investigators Group 

Bac&ground The purpose of this study was to evaluate 
electrode temperatures obtained using a radiofrequency abla- 
tion system that incorporates closed loop feedback control to 
achieve preset target electrode temperatures and to determine 
if closed loop temperature control results in a !ower incidence 
of developing a coagulum. 

Muhds and Results Two hun‘dred .y\-enty patients under- 
went catheter ablation of atriovenlricular nodal reentrant 
tachycardia, an accessory pathway, and/or the at&ventricular 
junction using an ablation system incorporating cJoxd loop 
feedback control. Forty-five patients underwent catheter ab- 
lation in the power control mode in which power output was 
tied, and 225 patients underwent catheter ablation in the 
temperature control mode. A coagulum occurred during 0.8% 
of radiofrequency applications in the temperature control 
mode versus 22% in the power control mode (R.01). Elec- 
trode temperatures were within WC of the targeted temper- 
ature during 35% of applications in the temperature control 
mode. Ability to achieve the targeted electrode temperature 

was related lo the target, with radiofrequeby energy applica- 
tions at the atriovcntricular junction resuhing in the highest 
temperatures (70%12”C) and those for ablation of the atrio- 
ventricular node the Jowest (59211°C PGOf.), using a max- 
imum of 50 W of power for both. EJectrode temperatures were 
higher during ablation of left free wall and posteroseptal 
pathways than during ablation of right free wail and septal 
pathways. The mean and minimum temperatures associated 
with success were 64 f 12°C and 44°C respectMy. Overall, the 
electrode temperatures at successful and unsuccessful abiation 
sites did not differ (25.05). 

Cotio~ Temperature monitoring with cJosed Ioop con- 
trol of power output facilitates radiofrequtncy catheter abla- 
tion procedures by minimizing the probability of devctoping a 
coagufum while ensuring maximum J&on formation. 
(CkuMon. 1994;909279-1286.) 

KcyWd l radiofrequency l Wolf&Parkinson-White 
syndrome l coagulation l catheter ablation 

adiofrequency catheter ablation has emerged as R an important therapeutic tool for management 
of patients with sustained supraventricular 

arrhythmias. l-3 Tissue temperature is criticaily refated 
to the success or failure of these procedures because 
thermal injury is the primary mechanism of myocardial 
injury.*-’ For irreversl’bie injury to occur, a tissue tem- 
perature of approximately WC must be achieved.‘e7 
Although lesion size increases with increasing temper- 
ature at the electrode-tissue interface, 1CKK represents 
the upper limit of achievable tissue temperatures. Tem- 
peratures ?lOOT result in the development of a coag 
ulum on the electrode tip, which leads to an abrupt rise 
in impedance, an abrupt fall in current delivery to 
tissue, and a marked decrease in tissue heating.7vs 
Furthermore, if a coagufum develops, the ablation 
catheter must be removed, cleaned, and repositioned, 
necessitating additional catheter manipulation and ad- 
ditional fluoroscopy time. Coagulum formation is also a 
potential source of embolization, Because of the impoi- 
tancc of temperature during radiofrequency catheter 
ablation procedures, temperature monitoring has been 
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proposed as a technique to facilitate effective catheter 
ablation by assuring adequate lesion formation, optimiz- 
ing lesion size, and preventing coagulum formation.‘-9 

The purpose of the present study was to evaluate 
eJectrode temperatures obtained using a radiofrequency 
catheter ablation system that incorporates closed loop 
feedback control to achieve preset target electrode 
temperatures and to determine if closed loop tempera- 
ture control results in a lower incidence of coagulum 
formation. Particular attention is focused on the refa- 
tion between electrode temperature and the ablation 
target, approach (atria1 versus ventricular), and result. 

. 

Methods -mk 
Characteristics of Patients 

The subjects of this study were 270 consecutive patients who 
underwent an attempt at catheter abJation of atriovcntricular 
nodal reentrant tachycardir, an a- pathway, and/or the 
atriovcntrkular junction using a radiofrequcnq catheter abla- 
tion system incorporating cJoscd loop feedback controi, Each 
patient gave written infmd consent according to a protocol 
appravtd by the Institutional Review Board of each partici- 
pating institution. The mean patient age was 39222 years 
(aSI); range, 0.75 to 90 years). There were 137 women and 
133 men. 

. . 

‘IM hundred sixty-seven patients underwent catheter abla- 
tion of a singJe accessory pathway or other ablation target, and 
three patients had two ablation targets. Ninety-two patients 
underwent catheter ablation to treat atrkwentricular nodal 
reentrant tachycardia, and 35 patients underwent cathet 

o&l028 



FIG 1. Schmatk drawing of the 7F ablation catheter used in 
thisstudy.Sbownisthethermocou pie positioned at the center of 
the platinum tip elect&e. . 

ablation of the atriovcntricular junction to cause complete 
atrioventricular block. Catheter ablation was attempted for a 
total of 146 accessory pathways. Seventy-six pathways were 
located on the left free wall, 28 were right free wall, 33 were 
posteroseptal, and 9 were septal (anteroseptal or midseptal). 

Ekctrophysiol~gical Testing and Catheter Ablation 
Each patknt underwent a standard diagnostic electrophys- 

iolagy test in conjunction with the catheter ablation proce- 
dure. The number and type of electrode catheters used varied 
based on physician preference and the t!pe of arrhythmia. 
Once the tachycardia mechanism was defined. catheter abla- 
tion was performed using standard techniques. Patients in 
u-horn the mechanism of the tachycardia was determined to be 
neither atrioventricular nodal reentrant tach!cardia nor an 
accessory atrioventricular connection and in u-horn ablation of 
the atrioventricular junction was not indicated were excluded 
fkorn the protocol. 

Catheter ablation to cure atrioventrkular nodal reentrant 
tachycardia was performed using the posterior (slow pathway) 
approach. Selection of target sites was based on local Electra- 
grams, ffuoroscopic catheter position, or both. Catheter abla- 
tion of left free wall and left posteroseptal accessory pathways 
was performed using either the transseptal or retrograde aortic 
approach, based on physician preference. Right free wall, right 
posteroseptal, and right mid and anterior septal accessory 
pathways were ablated using a catheter positioned from the 
inferior or superior vena cave. Ablation of the atrioventricular 
junction was performed with a catheter positioned from the 
inferior vcna cava. 

In each patient, catheter ablation was initially performed 
using an investigational ablation system in which power output 
was preset or automatically varied to achieve target electrode 
temperatures using closed loop control. The ablation system 
was used in the temperature control mode in the initial 100 
patients, in the power control mode in the subsequent 45 
patients, and thereafter in the temperature control mode. If 
suaxs&l ablation was not achieved, an alternate abiation 
system could be used at any point during the ablation proce- 
dure, based on physician preference. Data obtained after 
switching to an alternate ablation system were exduded from 
analysis. 

Ablation System 
In the present study, catheter ablation was initially at- 

tempted with a 7F quadripolar electrode catheter (RF Ablatr, 
Medtronic &rdioRhythm) with an omnidirectional deflect- 
able shaft and a 4-mm distal electrode. A thermocouple was 
incorporated into the distal electrode to allow for temperature 
monitoring (Fig 1). Radiofrequency energy was prod-d by a 
power supply that delivered a continuous unmodulated sinu- 
soidal output at 482 kHz (Atakr, Mcdtronic CardioRhythrn). 
When operated in the temperature control mode, the power 
supply automatically modulates the amount of power delivered 

(range, 05 to 50 W) so that the tip temperature approaches 
but does not exceed the selected target temperature (4cr to 
95’~) by >50(3. When operated in the power control mode, the 
power o&put is kept constant. In eirhct Lode, power output is 
automatically shut down if the impedance exceeds 250 I) 
@yedance shutdown) or if the ekctrode temperature a- 
ce& loIK3 (temperature shutdown). A temperature shut- 
d&n will also occur if the electrode temperature exceeds the 
target temperature by >8”c in the temperature control mode. 
At each site, radiofrequency energy was delivered for 10 to 30 
seconds or until dislodgment of the ablation catheter. When 
used in the temperature control mode, the initial target 
temperature was set at 70°C. If desired, the target temperature 
could be increased in increments of SST to a maximum of 
95°C and additional applications of radiofrequency energy 
ckiivcrcd. When used in the power controJ mode, the initial 
power output was set at 25 W. If desired, the power output 
could be imzcased in 6-W increments. 

Data Analysis 
A Fisher’s exact test u-as performed to compare the inci- 

dence of automatic radiofrequency generator shutbm and 
coagulum formation during radiofrequency energy appfica- 
tions in the power control mode versus the temperature 
control mode and to evaluate the association between target 
temperature and the incidence of power shutdowns and coag- 
ulum formation. Electrode temperature data were obtained 
only during catheter ablation in the temperature control mode, 
For each application of radiifrequency (electrode tcmpcra- 
ture) energy, the maximum achia-d electrode temperature 
was recorded. To evaluate the relation between electrode 
temperature, the ablation target, and the ablation result. four 
indices of electrode temperature were compared: maximum 
temperature, the difference between targeted temperature 
and maximum temperature, the proportion of radiofrequency’ 
applications during which a peak temperature of rWC u-as 
achieved, and the proportion of radiofrequency applications 
during which the maximum ekctrode temperature was >5% 
below the target temperature. The rtlarions bemeen tempcr- 
ature target and approach (atrial wrsus \mntricuhr) were 
compared using ANOVA. or a contingency table anal@ 
where appropriate. The maximum temperature achieved dur- 
ing successful versus unsuacssful applications of ndiofre- 
quency energy was compared using a nonpaired r test. Suc- 
cetil ablation sites were defined as those that resulted in 
ablation of the targeted arrhythmia during the ablation v- 
dure.Transiently successful ablation sites that were associated 
with recurrence of conduction during a JO-minute observation 
period were added fkom analysis. A late recurrence was 
dehed as recurrence of the targeted arrhythmia either spcm- 
taneo@v or during the l-month follow-up ekctrophysiolqy 
study. cOatinuous wiabks are expressed as mean21 SD. In 
all cases, PdS was considered significant. 

Rt?SUitS 
Clinical Resuits 

The initial catheter ablation session using the inves- 
tigational ablation system was succcssfi~l in 83 of 92 
(90%) patients with atriaventricular nodal reentrant 
tachycardia, 29 of 35 (83%) patients undergoiog abla- 
tion of the atrionntkkr junction, and 120 of 146 
(82%) accessory pa&ways, Sixteen patients with an 
accessory pathway had m initiaIIy unsuccessful ablation 
session and under=nt a second ablation session using 
the same system. Catheter ablation was succcs&l in 9 
of these 16 patie- @=a% 129 of 146 (88%) accessory 
pathways were SUM@ ablated with the investiga- 
tional system. The mean number of appiicatjons 0f 
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. 
rm 1. Relation Between Control Mode and the 
Incidence of Developing a Power Shutdown 
and/or Coagulum 

controt Impedance Tempwatute 
Mode Shutdown Shutdown Coagulum Total* 

Temperature 8 (0.4%) 19 (1%) 16 (0.8%) 38 (2%) 
(nd948) 

POVVH 41 (6.2%) 35 (5.3%) 15 (2.2%) 79 (12%) 
(n=662) 

P 3001 .oool DO6 .ool 

*Total number of radiofrequency energy appiiitions during 
which an impedance shutdown, temperature shutdown, and/era 
coagulum occurred. 

- 

radiofrequency energy per ablation target was 958 
(median, 8; range, 1 to 41). 

Twenty-ei&t of 32 patients who underwent unsuc- 
cessful ablation attempts using the investigational abla- 
tion system underwent attempts at ablation using an 
alternate system. Overall, catheter ablation was success- 
ful in 87 of 92 (95%) patients with atrioventricuiar nodal 
reentrant tachycardia, 33 of 35 (945) patients under- 
going ablation of the atrioventricuIar junction, and 135 
of 146 (95%) patients undergoing ablation of an acces- 
sory pathway. 

Relation Between Control Mode, Automatic 
Shutdowns, and Development of a Coaguium 

llre likelihood of developing a coagu!um or an auto- 
matic power shutdown due to an impedance rise or an 
electrode temperature of > 1OOC (or >S” above target 
temperature) was related to whether radiofrequency 
energy was delivered in the power control mode or the 
temperature control mode (Table 1). Delivery of radio- 
frequency energy using the power control mode re- 
suited in a greater than fivefold increase in the fre- 
quency of developing an impedance or temperature 
shutdown and a threefoJd increase in the frequency of 
developing a coagutum (Px.01, Table 1). One or more 
radiofrequency applications resulting in coaguium de- 
veloped in 10 of 235 patients (4%) undergoing ablation 
in the temperature control mode versus 10 of 45 pa- 
tients (22%) undergoing ablation in the pcnver control 
mode. me probability of developing a coaguium or a 
temperature or impedance shutdown was related to 
target electrode temperature. A coagulum was observed 
during 0% of radiofrequency energy applications deliv- 
ered with a target temperature of 70°C versus 7% of 
applications when the target temperature was r85’C 
(P<.OOl, Fig 2). 

Relation Between Temperature, Ablation Target, 
and Ablation Approach 

The mean electrode temperature achieved using 
closed loop temperature control was 62,+ 12°C (range, 34” 
to loS°C). Electrode temperatures of 150% ~60°C 
r7WC, and ~100°C were observed during 85%, 53% 
28%, and 0.6% of radiofrequency energy applications, 
respectiveiy (Fig 3). The electrode temperature was 
>Y’C lower than the targeted temperature during 60% of 
applications, >YC higher than the targeted temperature 
during 6% of applications, and within WC of the tar- 
geted temperature during 34% of applications (Fig 4). 

. - - - . . ._ 
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FIGS. Bargmphshowingtbarebtionbetweentargetelecbode 
tevture and the pro&Wty of deveioping a eoagulum in the 
tempemtureeontrdmock. 

EJectrode temperatures were related to the ablation 
target. Radiokequency energy applications targeted at the 
atrioventrjcular junction resulted in the highest electrode 
temperatures (?OkWC), and those at sites to ablate 
atrioventricuJar nodal reentrant tachycardia resulted in 
the lowest (59kil”c, P=.OOOl, Table 2). SimiiarJy, the 
difference between achieved and targeted electrode tem- 
peratures was less, and the frequency of obtaining an 
electrode temperature ~50°C was greater during ablation 
of the atrkxentricufar junction than during ablation of 
accessory pathways or atrioventricuiar nodal reentrant 
tachycardia (P=LKJO1). A simiJar relation was observed 
for the frequency of achieving an electrode temperature 
>YC betow the targeted temperature. 

During abiation of accessory pathways, electrode tem- 
peratures were related to accessory pathway location and 
to the approach to left free wail accessory pathways 
(Table 3). EJectrode temperatures were highest during 
ablation of kft free wall and posteroseptai accessory 
pathways and lowest during ablation of right free wail 
and septal accessory pathways (P<.tXJl). Similarly, the 
difference between achieved and targeted electrode tem- 
peratures was kss, and the frequency of achieving an 
electrode temperature zWC was greater during abla- 
tion of left fite wall and posteroseptal accessory path- 

Fm3. Bargraphsbuingthediiindmaximumachiwed 
ekctmde tm during radiifrequency catheter abwon 
usingtheteqembmcontrdmode. Electrode temperature (YZ) 
bshownonthehotf2ontalaxis;diiiofelectfodetemper- 
aturesbSbown0ntb8vertkalaxis. 

000 030 



. 1282 Circulation Vo/ 90, No 3 Sptwitm 1994 

F~Q 4. Bar graph shovhg the di&Wwtion of the diierence 
between targeted and maximum achieved electrode tempera- 
tures (peak minus target electrod temperature) during mdiifre- 
quency catheter abWon using the temperature contrd mode. 

ways compared with right free wall and septal accessory 
pathways (P<XUIl). A similar relation was observed for 
the frequency of achieving an electrode temperature 
>YC beknv the targeted temperature. During ablation 
of left free wall accessory pathupays, electrode tempera- 
tures were a mean of go higher using the retro-erde aortic 
approach compared with the transseptal approach 
(f dJO1, Table 3). 

Relation Between Temperature and Ablation Result 
Overall, no difference uas observed between the 

electrode temperatures obtained during successful and 
unsuccessful appiications of radiofrequency energy 
(64212°C versus 65-+13’C, P=.8). However, the distrt- 
bution of electrode temperatures differed in that eiec- 
trade temperatures of <WC occurred more frequently 
during unsuccessful compared with successful applica- 
tions of radiofrequency energy (16% versus l%, 
P<.OOl, Fig 5). The lowest electrode temperature re- 
corded during a successful application of radiofre- 
quency energy was WC. 

TABLE 2. ReMon Between Ekctrode Temperature and 
Ablatkm Target 

Electmde 
Ttmpcntum 

(“cl AT(z) T 250% >&L-c) 
AVJ 70212 -4210 175tl80 114tl80 

(99 Fw 
AVNRT 59*11 -13210 539/680 19W80 

(79%) (28%) 
AP 63212 -9210 943m88 98311088 

(8796) W%) 
P .0001* .oool’ .ooo1’ .0001* 

AVJ indicates atrioventrkutarjunc&n: AVNRT, atrtovefMric&r 
nodal reentrant tachyardii AP, accessory pathway; AT, diiec 
eneebetweml maxtmumachkvedandtargetedektfocktem- 
pemture; T 250%. frequencyofacttieving a maximum electrode 
kmpemtwe 25OQ T >target-5X, frequency d achkving a 
maximwn- temperature >S below tM target tempera- 
ture: and ektrode temperature. maximum aehkved etectfode 
lempemture. 

l AVJ, AVNFIT, and AP are each signifiitty diiefent from one 
another. 

TABCIE 3, R- Between uectrode Temperature, 
w paahwby batth, and Ablation Approach 

. I - _ . - s 

58*10 13210 217~284 73R84 

VW Pw 
Fs 65211 7~10 270/292 14W292 

(93%) WV 
SEP 5729 15211 48M 1866 

cn%) VW 
66213 6210 443,446 2w446 

W%) ww 
P <.001+ <.001* C.001. K.001. 

-aQproactr 
Trarrsseptd 6129 929 148068 8o/l66 

(88%) (4W 

Rettograde 69214 5210 260/278 166i278 
aortic (94%) (60%) 

P < .Ool C-001 .Os 404 

tWV indicates rtght free wal: PS. posteroseptat; SEP. mid and 
anterfor sepW and LFW, left free wall. Other. abbreviations as in 
Table 2. 

l Ps vs Lfw, h.05; RFW vs SEP. h.05. 

Thirteen patients developed a late recurrence after 
catheter ablation. The electrode temperatures at the 
originally successful ablation sites in these 13 patients 
were not significantly different from the electrode tem- 
perature at successful ablation sites in the ZZS patients 
who did not have a late recurrence (6OkFC versus 
642 WC respectively, P=.35). The minimum eIectrode 
temperature associated with a late recurrence (WC) 
was higher than the minimum electrode temperature 
associated with Jong-term success (WC). 

The relation between electrode temperature and the 
ablation result during ablation of accessory pathways, 



TABLE 4. Relation Between Electrode Temperature and AbWon Result 

AVJ 

Elcctfode Temperature 
(“cl 

S F P 

6829 70212 -51 

JvQ trswc T qTarget-5%) 

S F P S F P S F P 
328 St10 -88 n/27 1484153 99 2Oi27 94153 -28 , 

wow (SW (74% (61%) 
. AVNRT 6129 59211 .lO 1128 13210 .w 63/69 476/611 -007 18/69 721611 .78 

(91 %I VW P-1 (28%) 
AP 64%9 63+12 .3 829 92.10 .63 94l97 8491991 -008 45t97 38/991 -7s 

S iMicates successful ablation site; F, unsucces sfulablationsite.CRherabbreviationsaSinTablBZ 

the at&ventricular junction, and atrioventrkular nodal 
reentrant tachycardia is summarized in Table 4. During 
attempts at ablation of the atrioventricular junction, no 
difference was observed in any of the temperature 
variables at successful and unsuccessful sites, whereas 
during ablation of the accessory pathways and atrioven- 
tricutar nodal reentrant tachycardia, the only tempera- 
ture parameter that differed- at successful and unsuc- 
cessful sites was the frequency of obtaining an electrode 
temperature 2WC. The relation between electrode 
temperature. ablation result, and the location and ap- 
proach to ablation of accessory pathways is summarized 
in Table 5. The peak electrode temperature, the fre- 
quency of achieving an electrode temperature ~50’C~ 
and the frequency of achieving the target electrode 
temperature did not differ at successful versus failed 
sites during ablation of right free ~311, left free wall, and 
posteroseptal accessory pathways. However, during ab- 
lation of septal accessory pathways, the peak electrode 
temperature was greater and the difference between the 
targeted and the achieved electrode temperature 
smaller at successful compared with unsuccessful sites. 
ANO difference was observed in any of the temperature 

parameters at successful compared with failed sites 
during ablation of left free wall accessory pathways 
using the transseptal approach. In contrast, both the 
electrode temperature and the ability to achieve the 
targeted electrode temperature were actually lower-at 
successful compared with unsuccessful sites during ab- 
lation of left free wall accessory pathways using the 
retrograde aortic approach. 

- . i: 

. 

bf ain Findings 
Discussion 

The purpose of the present study was to further the 
understanding of the role of temperature control during 
radiofrequency catheter ablation procedures. Important 
features of the ablation system used in the present study 
are that power output can be tied or can be delivered 
in a temperature conttd mode, where temperature is 
monitored using a thermocouple incorporated into the 
distal electrode and power output is automatically 
adjusted to achieve a preset target temperature. In 
either mode, power output is automatkaliy shut down if 
an impedance ,250 I) is detected or if the electrode 
temperature exceeds 1WC. 

TABLE 5. Relation Between Electrode Temperature and Ablation Result During Ablation of Accessory Pathways 

Electrode Temperature 
CC) AT CC) T 250°C 1 Bvarget-S’c) 

S F P s F P S F P S F P 

RFW 61~10 58210 -08 1122 13210 -11 w/l9 

(95%) 
PS 6527 65211 -82 727 7210 .86 22l22 

wm 
SEP 6429 56k9 -02 629 1622 .03 8/6 

w-1 
64210 67213 .31 8210 6210 91 46/48 

0 

199t265 

(75%) 

248j270 

(92#) 

4olss 

(-1 

-053 2On7 68/26!5 -99 

(74%) 0 

39 w22 133/270 -51 

ww ww 
.095 4b3 14/56 a 

(so#) (24%) 
.41 23/48 223i398 29 

(ss%) 

Abkitionapproach . 

Transseptal 64+-10 6128 -28 7210 929 A4 17/l8 131/l50 .7 lo/18 70/150 -62. 

cww (87961 (-1 (47%) 
Retrograde 64211 70*14 .03 9210 5210 -03 29130 23lf246 -7 13Bo 153/248 .06 aortic 

(snc) 0 (-9 @=I . -- 
Abbreviations as in Tables 2.3, and 4. 
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The results of this study provide new insi-ght into the 
role of cJosed loop temperature control du&g radiofre- 
Qu-cY catheter ablation procedures. Fii compared with 
the ~x&r control mode; in which power-outpit is fixed, 
appJications of radiofrequency energy delivered using the 
temperature control mode are associated with a thrafoid 
reduction in the incidence of developing a coagulum and a- 
more than fivefold reduction in the incidence of deveJop- 
ing an automatic power shutdown due to an impedance 
rise or an electrode temperature >lOOT. Second, in the 
temperature control mode, targeted temperatures are 
achieved (z9C) during only one third of radiofrequency 
energy applications when the maximum available power is 
50 W. Third, the temperature achieved in the temperature 
control mode is related to the ablation target, with abla- 
tion of the atrioventricular junction resulting in the highest 
temperatures and ablation of atrioventricuI3r nodal ran- 
traat t3chycardia the lowest. During ablation of accessory 
pa&ways, ablation of left free wall and posteroseptal 
accessory pathways results in higher electrode tempera- 
tures than those achimed during ablation of right free wall 
and septal accessory pathways. Finally, for all ablation 
sites, the temperature of the applications of radiofre- 
quency energy that result in successful abbtion are not 
significantly different from those that fail. In fact, while 3 

mean of 64212’C w3s recorded from successful ablation 
sites, successful ablation could be achieved with the elec- 
trode tip temperature as low as WC. Although electrode 
temperature differences between successful and faiid 
applications of radiofrequency energy 3re present only 
during ablation of septal accessory pathways. temperature 
alone was clearly not the main determinant of success, 
since electrode temperatures were actuaily lower at suc- 
cessful sites than unsuccessful sites during ablation of 
left-sided accessory pathways using the retrograde ap- 
preach (Table 5). 

Coagulum Formation 
Temperatures > 1OK result in tksue desi&a,on and 

the development of a coagulum on the ablation elec- 
trode.* Although not usu3lIy harrnfut to the patient, 
they are undesirable during ablation procedures be- 
cause they result in an abrupt rise in impedance and fall 
in current density at the electrode-tissue interface that 
impairs further heating required for maximizing lesion 
size. In addition, the ablation catheter must be e.x- 
tracted and the coaguIum removed from the electrode 
tip. ?‘his requires additional catheter manipulation and 
additional fluoroscopy time. Finally, a coagulum may be 
IooseJy adherent to the electrode and potentially dk- 
lodge from the catheter tip, resulting in a vascuJar 
embofus, or may cause the electrode tip to adhere to the 
tissue. 

A potential benefit of closed loop temperature con- 
trol is that temperatures approaching 1CKK can be 
avoided, thereby maximizing lesion sire while prevent- 
ing the development of a coagulum. However, it should 
be noted that closed loop temperature controJ did not 
eliminate the development of aJJ coagulum, The prob- 
ability of developing 3 coagulum increased progressivefy 
as the target electrode temperature was increased from 
70°C to >8YC. These findings may refject both a slight - 
delay inherent in any feedback control system as weJJ3s 
the location of the thermocouple within the ablation 
electrode. 

Temperaton htonitoring Dueng Radiofrequency 
catbcter Ablation 

T-w -itming was pcrhmcd in this study 
using a thermocouple incorporated into the distal elec- 
trode of the ablation catheter. During d&very of radio- 
frquency energy, a portion of the electrode is typically 
in-contact with the myocardium and the remainder in 
contact with the blood pool. The electrode temperature 
recorded by the thermocouple reflects a complex inter- 
action between the production of heat in nearby tissue 
by the radiofrequency field and convective heat loss to 
the surrounding blood and tissue.‘-7.)o 

This study demonstrates that despite the presence of 
closed loop feedback control and a maximal power 
output of 50 W, targeted electrode temperatures 
(fS°C) are adrieved during only one third of radiofre- 
quency energy applications. Although the basis for this 
inability to achieve targeted tem@eratures cannot be 
determined from the results of this study, it may reflect 
relatively large contact of the electrode tip with blood 
compared with tissue. Heat generation during radiofrc- 
quency catheter ablation results from resistive heating 
of myocardium and is dependent on current flow 
through the tissue -5.6 Because the impedance of the 
blood is significantly lower than that of tissue,l* rela- 
tively more contact with the blood compared with the 
myocardium would be espccted to result in greater 
convective heat loss to the surrounding moving blood, 
which is relatively cooler. Reduced tissue contact may 
be either the result of the orientation of the catheter tip 
to the anatomic structure it impinges on or catheter 
instability with electrode movement on and off the 
tissue. 

The electrode temperature achieved during applica- 
tions of radiofrequency energy in this study varied with 
the ablation target, being highest during ablation of the 
atrioventricular junction and lowest during ablation of 
atrioventricular nodai reentrant tachycardia. During 
ablation of accessory pathways, electrode temperatures 
were greater for left free wall and posteroseptai acces- 
sory pathways than for right free wall and septai acces- 
sory pathways. nese differences may reflect target- 
dependent differences in electrode-tissue contact, 
catheter stability, and/or convective heat loss to the 
blood pool. Catheter positioning in the region of the His 
bundle is easiJy accomplished and may allow greater 
catheter torque with better electrode-tissue contact and 
catheter stability compared with catheter positions 
aJong the inferior septai region of the tricuspid annuius. 
Similarly, the catheter positions used during ablation of 
posteroseptal and left free wall accessory pathways 
generally result in more stable catheter contact with less 
exposure to high velocity blood flow compared with 
those used for ablation of right free wall, mid, and 
anterior septaJ accessory pathways. The higher elec- 
trode temperatures achieved during ablation of $oster- 
oseptaf accessory pathways compared with sites for cure 
of atrioventricular nodal reentrant tachycardia may 
similarly reflect differences in catheter stability. AI- 
though the catheter is positioned along the inferior 
tricuspid annuius for both ablation targets, the catheter 
is typicaJJy positioned on the ventricular side of the 
annulus (larger ventricular than atriai electrogram) for 
ablation of atrioventricular nodal reentrant tadycardia, 
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which generally results in greater catheter instability. 
ne observed difference between left free wall acces- 
spry pathways ablated using the transsepta! versus the 
etrograde aortic approach can be similarly explained. 

Iectrode placement on the atria! side of the mitral 
annulus generally results in greater catheter instability 
and possibly greater surrounding blood flow compared 
with the retrograde aortic approach, where the ablation 
catheter is generally positioned firmly under the mitral 
annulus in a region that may be associated with less 
convective heat loss. 

;< . __. _ 
pathwars suggests that inadequate heating may be the 

-‘ii :.:! 1 
limiting factor for this ablation target. 

Comparison With Prior Studies _ _ 
the value of temperature monitoring has been appre- 

ciated for more than 30 years9J3 More recently, the 

.:: :: 
l :,i 

. :. 

role of temperature monitoring during cardiac radiofre- 
quency catheter ablation procedures has ken evaluated 
jn the experimental laboratory.7-9Thesc studies demon- 
strated that electrode temperature is a better predictor 
of lesion size than delivered power, current, or energy ?I I. .’ 

In this study, the minima! temperature associated 
with success was 44°C. Whereas 50°C has been demon- 
strated to be the temperature at which irreversible 
tissue injury occurs in vitro,’ the lower recorded-elec- 
trode temperature in this study may be explained in part 
on the location of the thermocouple within the ablation 
electrode. As outlined previously, heating of the elec- 
trode results from passive heat transfer from the elec- 
trode-tissue interface. Because of convective heat loss 10 
the surrounding blood pool, the temperature recorded 
by the thermocouple should be consistently less than 
that at the hottest point in rhe tissue. Blouin et a!‘” 
compared temperature monitoring using a thermistor 
positioned on the tip of an electrode catheter at the 
electrode-tissue interface with temperature monitoring 
using a thermistor incorporated into the distal elec- 
trode. The temperature differential was highly predict- 
able in that the temperature sensed by the internally 
mounted thermistor was consistently lower than that at 
the electrode-tissue interface (mean ditference, YC: 
range, 2” to ST). Thus, a WC temperature recorded 
from a thermocouple incorporated into the distal elec- 
rode in this study may reflect a significantly higher 

temperature at various points in the tissue. The mean 
electrode temperature at successful ablation sites was 
64~12’C. Using the data of Blouin et a!,10 this could 
reflect a temperature at the electrode-tissue interface of 
approximately 7pC. 

An application of radiofrequency energy may be 
unsuccessful due to inadequate tissue heating or incor- 
rect catheter positioning. Lower electrode temperatures 
at unsuccessful versus successful sites was observed only 
during ablation of septal accessory pathways. The ab- 
sence of a temperature difference at successful (with or 
without late recurrence) versus failed sites during abla- 
tion of the atrioventricular junction, atrioventricular 
nodal reentrant tachycardia, and most accessory path- 
ways suggests that incorrect catheter positioning rather 
than inadequate tissue heating may have been the 
reason for failure- In support of such a hypothesis, 
temperatures were actually higher at failed than at 
successful sites using a retrograde aortic approach to 
left-sided pathways. Although this finding may have 
been due to chance, it may also reflect generation of 
higher temperatures when the catheter tip is lodged in a 
ventricular trabecula away from the atrioventricular 
groove than when it is at the smooth annulus under the 
mitral valve. The absence of a difference in electrode 
temperature at all successful and failed sites may also 
reflect the presence of closed loop temperature control, 
which will minimize temperature difZerences by auto- 
matically adjusting the power at any site. The lower 
temperature at unsuccessful sites of radiofrequency 
energy delivery during ablation of septa! accessory 

and defined 100°C as the temperature above which 
tissue contiguous to the electrode desiccates, resulting 
in the development of a coagulum. Only one prior study 
by Langberg et alI4 has evaluated the role of tempera- 
ture monitoring during radiofrequency catheter abla- 
tion procedures in humans. This study differed from the 
present study in many respects: (1) electrode tempera- 
tures were only evaluated during catheter ablation of 
accessory pathways; (2) at each ablation site, successive 
applications of radiofrequency energy were delivered at 
increasing poweq (3) electrode temperature was moni- 
tored using a thermistor located at the tip of the 
ablation catheter and thermally insulated from the 
surrounding electrode; (4) temperature was monitored 
but was not used to control power output; and (5) 
catheter ablation of left free wall pathways was per- 
formed using only the retrograde aortic approach. De- 
spite these differences, the minimum and mean temper- 
atures reported by Langberg et a! at successful ablation 
sites (48eC and 62*15”C, respectively) were similar to 
those reported in this study (44’C and 642 12OC, respec- 
tively). The slightly lower minimum successful temper- 
ature in this study may reflect the location of the 
thermocouple within the ablation electrode. Both stud- 
ies also demonstrated that radiofrequency energy appli- 
cations on the atria1 side of the tricuspid annulus result 
in lower temperatures than do applications on the 
ventricular side of the mitral annulus (retrograde aortic 
approach). 

AIthough the site of temperature monitoring within 
the ablation electrode differed in these two studies, the 
results do not allow us to determine which is preferable. 
One potential advantage of a thermistor on the catheter 
tip is that it is an accurate representation of the 
temperature at the electrode-tissue interface, provided 
that the electrode is perpendicular to the myocardi- 
UII@~~~ However, the relation between electrode tem- 
perature and that at the electrode-tissue interface is 
dependent on the orientation of the electrode, with 
differences as great as 12°C being observed if the 
electrode is parallel to the myocardium.s A limitation 
of temperature monitoring using a thermocouple incor- 
porated into the electrode is that convective cooling 
results in consistently lower temperatures than occur at 
the electrode-tissue interface. However, an internally 
positioned thermocouple may be less dependent on 
electrode orientation relative to the myocardium and 
may be a preferable approach to controlling power 
output. 

. 

Study Limitations 
A limitation of this study is that the incidence of 

complications resulting from radiofrequency energy de- 
livery during ablation procedures is exceeding!y low, 
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and a relatively small number of patients had catheter 
ablation performed with a preset tied power output. 
Therefore, the x-es&s of this study do not i&w u$ to 
determine if the temperature control mode results in 
improved safety and efficacy of radiofrequency catheter 
ablation procedures, 

CIinical Implications 
The results of the present study suggest that closed 

loop control of power output to achieve target electrode 
temperatures may facilitate radiofrequency catheter 
ablation of accessory pathways, atrioventricular nodal 
reentrant tachycardia, and the atrioventricu!ar junction. 
Although a potential benefit of closed loop temperature 
control is that power is automatically adjusted in an 
attempt to achieve preset electrode temperatures, tar- 
get electrode temperatures were achieved in only one 
third of radiofrequency energy applications using a 
maximum pwer output of 50 IV. This finding suggests 
that catheter tip-tissue contact continues to be an 
important clinical problem that cannot be overcome 
with closed loop control and will require improvements 
in catheter design, ablation technique, or perhaps an 
energy source not dependent on catheter-tissue contact. 
Closed loop control appears to be effective in reducing 
the incidence of developing a coagulum on the ablation 
electrode, particularly for target electrode temperatures 
of ~75°C. Further studies will be required to determine 
whether closed loop control improves the safety and 
efficacy of radiofrequency catheter ablation procedures. 

Appendix 
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GI Neal Kay, .MD, Sharon Dailey, 3ID; Andrew Epstein. 
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MD, Ronald Kanter, MI); Robert Sorrentino, 34D, Rulh Ann 
Greenfield, MD; Duke Untienity Mcdica! Center, Durham. 
NC; Edward Walsh, MD, Children’s Hospital, Boston, Mass: 
Albert Waldo, MD; Lee BibJo, MD; Nancy Johnson, MD: 
Randy Lieberman, MD, David Rosenbaum, MD; University 
Hospital of Cleveland (Ohio); S.K. Stephen Huang, MD, 
Robert S. Mittkman, MD; Alan B. Wagshal, MD; Trevor 
Greene, MD; University of MassachuscKtts ~Mcdical Center, 
Worcbester; Bing Liem, Do, Michael Lauer, MD; Ruey Sung, 
MD; Charlie Young, M); Stanford University Medical Cen- 
ter, Stanford, Ca@ Joscpb Evans, MD, Northside Cardio!ogy, 
Indianapolis, Ind; Christopbcr Case, MD; &Medical University 
of South Carob, CharIeston; Kevin Hackett, MD, William 
MCS, MD, Doughs zipcq MD; Krannert Institute, Indianap- 
olis, In& Jack Lawrence, MD; Gordon Tomasclli, MD; Ron- 
ald Berger, MD; Johns Hopkins Hospital, Baltimore, MCI. 

Acknowkdgmenfs 
We arc indebted to Suzan hjoKr, RN, Pat Young, Laura 

Knapp, Bm& Raddc, Mildred Martindill, and George Sav- 
age, MD, f, their invaluable assistance with the manuscript 
and ciinial study and to Jackie Kaamarczyk for preparation 
of the manus&pt, 

References 
1. JA WM. Wang X, Friday KJ, R-n CA, Moulton KP. 

~tduaan KJ, ~ccklbnd JH, Thiak N, HazIiu HA, Prior MI, 
Marmib PD, CXamc JD, Chvrhdt ED, kzara R. Catheter - ---u--- 
ablation of ICCCV rtriovcnlricuhr pahvays (Wolff-Park- 
inson-White syndrome) by ladioflapacncy Current. N End I Mcd 
1991.$24:1605-1611. 

2 Jaaytri MR, Hcmpc SL, Sn JS, Dhak AA, Bbnck Z Desbpandc 
Ss, Avitall B, Krum DP. Gilbert Cr. Akhtar M. Sele~rivc trans- 
catheter ablation of the fast and sJow pathways using radiofre- 
quebcy enem in patients with rl*%nrticubr nodal retwant 
tacbprdb. CtruQaion. 1992$!5:1318-13X 

3. fXkins H, Lurgbtrg J, Sousa J, El-Amsi R, ken A, Kou H’. 
Kalbfkii $ Morady F. Radbfrqucncy carbettr iblation of 
iiaasmy rtriovcntriculrr connections in 250 pahems. C~lufim. 
1992;85:1337-1344 

4. NItb S, Lynch C, Whaync JG, Haincs DE. Ccllutar elcctrophyi- 
ologk cfkcts of hypenbcrmia on isolated guinea pig papillary 
mu& implikations for catheter ablation. Citnrlorjon. 1993:sS: 
J826-1831. - 

5. Organ LW. Ekctroph+ogic principles of radiofrequency lesion 
makina. Appl .Vm&ti 1976/??39%9-?6. 

6. Shit&& tier A &wolkd destruction and temperature distri- 
butions in biological hues subjected lo monoaciivc ckctrocoap 
ubtioa J Biamcch Engi 198&tO242-49. 

7. Haines DE, Watson DD. Tiiue heating during radiofrequenr? 
catbcter ablation: a thermodynamic model and obscwtions in 
isolated perfused and superfused canine righht wntricular free wall. 
PACE Paciq C&n Ektm+sioL 1959;12362-976. 

8 Hahcs DE, Vcrcnw AF. Observations on electrode&sue interface 
temperalure and effect on ckctrical impedance during radiofre- 
ywyeion of whcular myardium. Circdation, 199051: 

- 
9. Hindricks G, Hnwkamp W, Gulker H. Rirwl U, Budde T. Richter 

KD, Borggrcfe M, Breirbardt G. Radiofrequency coagulation of 
wntricular myocardium: improved prediction of k&n size h . . mowonng carhcter tip temperature. Eur HemJ. 19s9;1&9’i2-9~. 

IO. Bktuii LT. 5farcus R, tirnpc L Assessment of cffec~s of radio. 
frcquu#y energy Ikkl and thcrmisxw location in an elmrodc 
chtter on he accuraq of rcmperaturc measurcmcnt. R-ICE 
Pa* c&J EkcImti 1991;14zz7-613. 

11. Cusman ER, N&old BS, Owhnan-Levitt 1. Theoretical aspects of 
ndiofrrqwny ksions in the dorsal root entry zone. h?ewswge~ 
1984$%945-950. 

12 Dii G, Gabriel E, HIukr R Size, form and swuctura) 
pccuiiaritks of experimental brain ksions obtained by hwmocon- 
trolkd radhhqucrKy. cilvI#n xcJt& 1965,2&w-142 

13. Szckcty EG, Egycd JJ, Jacoby CG, -3toffcct R, Spkstl EA. High 
frtqutnq wbtion by swans of a st#l ekctrode under tem- 
perature e ConF, Naod 1~146-152 

14. m 33. Calkhs H, El-At& R, Borganclli M, Leon A, Kalb- 
fkti SJ, Morady F. Temperature monitoring during ndiofrt- 
qw catbcrtr ablation of acceswy pa&ways. Ch&rh. 1992; 
86%69-1474. 

15. H&es DE, whrym JO. Aawxy of a sin& tip tbcrmistor in the 
mcIsurtwnt Of the peak tissue temperature during radiofrt- 
qutacy l bbtion. clrarletian. M93$8@ppl I):f-400. Abstract. 

000035’ 



Closed Cooled Ablation for the Treatment of Atrial Flutter 
s. G. sfber. H. t-k EbM L. Kamiyi, P. Rii 

Drascjner InSliM tir Hen- und Kr&iJauFlOrSetwng e. V.. Dr8Sden. GermMy 

000036 



lBaims d admuate size am necessary to imvemibly 
mmwy 0r to eesroy a foms cd wt00maricily. 

&.f 
d . ..j. .-Y f,. 

000037 



j 

ii 
.I 
!? :‘ 

v 000038 



000039 



MA I LROOM 
BOSTON SC I ENT I FI C EPT 
&OJ;;;H”RD PARKWAY 

CA 95134 
(4081895- 3500 
TO: DOCKET #01D-0519 

DOCKETS MANAGEMENT BRANCH. FDA 
5630 FI SHERS LANE 
ROOM 1061 (HFA-305 
ROCKV I LLE MD 20852 

SHIP DATE: 06MAR02 
AC@ 180947132 

ACTUAL WGT : 1 LBS SCALE 

4655 1801 7319 kdk 
b -w.m..-- - 

REF: 38426 ANDREA RUTH 

\ PR I OR I TY OYERN I CHT I THU 
CAD# 0091213 06MAR02 Deliver by: $ 

TRK# 4655 1801 7319 iss;l I ;FARO$ 

20852 -MD-US XAGAIA ' 


